Objective: To determine if histologic chorioamnionitis (HC) in the presence of respiratory distress syndrome (RDS) augments adverse pulmonary outcomes in extremely low birth weight (ELBW) infants. 
Introduction
The effects of antenatal inflammation on respiratory outcomes in preterm infants have received increasing attention over the last few years. Chorioamnionitis is clearly associated with preterm birth, and its incidence in preterm infants increases with decreasing gestational age. 1 Preterm delivery is frequently preceded by chorioamnionitis, which results in the exposure of the fetal lung to both accelerated maturation and adverse lung development. 2, 3 However, the interpretation of the impact of chorioamnionitis on lung development in many studies was controversial and further complicated by important confounders, such as gestational age, the definition of chorioamnionitis and postnatal injury, which had not been adjusted for in the analyses. 4 We recently reported that intra-amniotic lipopolysaccharide-sensitized neonatal rat lungs and, thus, amplified the hyperoxia-induced inhibition of alveolarization. 5 Antenatal lipopolysaccharide alone might not be sufficient to disturb lung development, but rather may exacerbate the deleterious effects of postnatal injury. Notably, Jobe and Kallapur 6 suggested that the decreased surfactant function with the fetal inflammatory response reflects more lung inflammation at birth. Subsequent resuscitation with highly concentrated oxygen or positive-pressure ventilation in infants with respiratory distress syndrome (RDS) continues to injure the lungs. 7 RDS associated with preterm birth, resulting from histologic chorioamnionitis (HC), should be refined and categorized. We aimed to evaluate if HC in the presence of RDS augments adverse pulmonary outcomes in extremely low birth weight (ELBW) infants.
Methods
All infants (birth weight <1000) who were born and admitted to the neonatal intensive care unit at Seoul National University Children's Hospital and Seoul National University Bundang Hospital between June 2005 and June 2009 were identified retrospectively. Perinatal information was retrospectively collected from the original medical records. Data on gestational age, birth weight, sex, antenatal steroid use, type of delivery, Apgar score at 1 and 5 min, preeclampsia and HC were retrieved for each infant. Neonatal characteristics included RDS, surfactant therapy, bronchopulmonary dysplasia (BPD), postnatal steroid use, duration of mechanical ventilation, total days of oxygen requirement, sepsis, patent ductus arteriosus, intraventricular hemorrhage, periventricular leukomalacia, necrotizing enterocolitis and retinopathy of prematurity. The protocols for infant management at birth routinely required intubating and ventilating infants with ELBW.
The diagnosis of RDS required the presence of respiratory distress, increased oxygen requirement (fractional concentration of inspired oxygen (FiO 2 ) X0.4) and chest radiographic findings in the absence of evidence of other causes of respiratory disease. Exogenous surfactant was administered endotracheally to mechanically ventilated infants with RDS if the following criteria were met: mean airway pressure Â FiO 2 X2.5 in ELBW infants. A second dose was given when the criteria were still met 6 to 8 h after the first dose. Repeated surfactant therapy (surfactant-TA, Tokyo, Japan) with a total of two or three doses was administered to infants with RDS. The diagnosis of BPD was based on the need for supplementary oxygen at 28 days of age. The severity of BPD was determined at 36 weeks gestational age as follows: (1) breathing airFmild BPD; (2) need for supplementary oxygen (less than 30%)Fmoderate BPD; (3) X30% supplementary oxygen and/or continuous positive airway pressure or ventilatorFsevere BPD. 8 Infants were challenged to wean if supplemental oxygen levels were <30% at rest with oxygen saturation targeting between 90 and 95% or were >30% with saturation of >95%. For infants receiving oxygen through nasal cannula, flow was weaned initially in increments (for flow of 1.0 to 2.0 l min À1 , increments of 0.5 l min
À1
; for flow of 0.1 to 0.99 l min À1 , increments of 0.1 l min
). Sepsis included clinical sepsis (clinical presentation of sepsis with raised C-reactive protein) and culture-proven neonatal sepsis (systemic bacterial infection documented by a positive blood or cerebrospinal fluid culture). Patent ductus arteriosus was diagnosed by echocardiography. Intraventricular hemorrhage and cystic periventricular leukomalacia were defined according to Volpe. 9 Necrotizing enterocolitis was defined according to Bell et al. 10 Chorioamnionitis was defined by HC or umbilical cord vasculitis of grade 2 or greater, according to the grading system suggested by Salafia et al.
11
Funisitis was considered the most severe degree of exposure to in utero inflammation/infection, representing fetal involvement. All subjects are further classified into four subgroups according to the presence or absence of preceding HC and RDS in preterm infants to identify that the HC and RDS work synergistically to induce lung injury: HC þ RDS þ , HCÀRDS þ , HC þ RDSÀ and HCÀRDSÀ.
For statistical calculations, SPSS 12.0 software Version (SPSS, Chicago, IL, USA) was used, and nonparametric or parametric statistics were applied. All numerical values measured were described as mean ± s.d. Differences between groups were tested using Student's t-tests and one-way analysis of variance for continuous data. Bonferroni post hoc analysis was used for multiple group comparisons. 
Results
A total of 238 infants were enrolled in the study. Three infants with major congenital malformations (chromosomal anomaly, heart defects and pulmonary hypoplasia) were excluded. In addition, 3 infants were excluded because of insufficient placental data, and 48 infants who died before 28 days of life or 36 weeks postmenstrual age were excluded. Of the remaining 184 infants, 88% (161/184) developed BPD. The mean gestational age was 27 ± 2 weeks, and the mean birth weight was 791 ± 147 g. Male infants composed 55% of the study group. HC þ FÀ was evident in 26% (48/184) of infants and HC þ F þ in 13% (23/184). When the study group was divided according to the presence or absence of HC and RDS, moderate or severe BPD developed in 35 infants (75%) in the HC þ RDS þ group, 42 infants (55%) in the HCÀRDS þ group, 12 infants (50%) in the HC þ RDSÀ group and 20 infants (54%) in the HCÀRDSÀ group (Figure 1) . Stratifying the population by chorioamnionitis and RDS, clinical characteristics of the HC þ RDS þ group were compared with the HC þ RDSÀ and HCÀRDS þ groups. There were no significant differences in gestational age, birth weight, sex and antenatal steroid use. The HC þ RDS þ group was more likely to repeat surfactant therapy after the first surfactant dose (P<0.05), compared with the HCÀRDS þ group. The incidence of moderate or severe BPD was greater in the HC þ RDS þ group than the HCÀRDS þ or HC þ RDSÀ groups (P<0.05). The HC þ RDS þ group showed a significantly longer duration of oxygen requirement than the HC þ RDSÀ or HCÀRDS þ groups (P<0.05) ( Table 1) . We performed logistic regression analysis to investigate that the combination of prenatal (HC) and postnatal (RDS) injuries increase significantly the risk for BPD. In a multivariate logistic regression model, including gestational age, sex, antenatal steroid use, preeclampsia, HC, funisitis, RDS and both HC and RDS, the significant predictors of developing BPD were low gestational age (odds ratio, 0.6; confidence interval, 0.4 to 0.7) and exposure to both HC and RDS (odds ratio, 4.7; confidence interval, 1.1 to 20.2) ( Table 2 ).
Discussion
The HC and RDS interacted synergistically to induce lung injury, despite either HC or RDS could not show independent significant association with BPD. When the cases were divided into four groups on the basis of the presence or absence of HC and RDS, the HC þ RDS þ group was associated with an increased risk of moderate or severe BPD and oxygen dependence compared with the HCÀRDS þ or HC þ RDSÀ groups. In a multivariate analysis, the significant predictors of developing BPD were low gestational age and exposure to both HC and RDS.
Infants with RDS in the presence of chorioamnionitis progressed more frequently to moderate or severe BPD in ELBW infants, although chorioamnionitis decreased the incidence of RDS. Our data have important implications that HC may participate in lung injury in combination with RDS. It seems that the surfactant deficiency characterizes the quality of the premature lungs, which have increased susceptibility to ventilator-induced lung injury. [12] [13] [14] In particular, the role of chorioamnionitis in BPD has been controversial. [15] [16] [17] [18] Although most studies have found a positive association, methodological questions have been raised regarding the comparisons of birth weights and the definitions of both chorioamnionitis and BPD. 19 Antenatal inflammation is considered to enhance lung maturation and decrease the incidence of RDS. These conditions have been reported to improve surfactant production and gas exchange. A few studies have demonstrated a reduction in the incidence of RDS in neonates with chorioamnionitis. 3, 20 However, HC in the presence of RDS can alter the pulmonary protective effect of isolated chorioamnionitis, suggesting that complicated severe inflammation prevents modulation in premature infants. 21 Intrauterine exposure to proinflammatory cytokines or antenatal infection may prime the fetal lung such that minimally injurious postnatal events provoke an uncontrolled pulmonary inflammatory status that affects normal alveolarization and pulmonary vascular development. 22, 23 Moreover, we found that although the lungs matured during fetal inflammation, ELBW infants with RDS in the presence of chorioamnionitis were susceptible to postnatal injurious events.
The concept of decreased surfactant efficacy in a prenatal inflammatory environment may explain the increased risk of BPD. In this study, the incidence of RDS decreased in chorioamnionitisexposed groups after adjusting for gestational age. Furthermore, the HC þ F þ group was less responsive to surfactant treatment than the HC þ FÀ or HCÀ groups, suggesting decreased surfactant efficacy (data not shown). It appears that overwhelming inflammatory mediators and infection were related to surfactant deficiency or inactivation. Been et al. 4 showed that an impaired surfactant response may be involved in the association among severe chorioamnionitis, mechanical ventilation and the development of BPD. They suggested that lipopolysaccharideinduced epithelial and endothelial injury induced a leakage of serum proteins into the alveolar space, followed by the inactivation of surfactant. 24, 25 Increased neonatal RDS in babies born to mothers with pregnancy-induce hypertension has been reported; however, the reasons for this are yet to be determined. 26 The low rate of intrauterine inflammation in mothers with preeclampsia may be related to the increase of RDS in their infants. This Figure 1 Subject categories. A total of 184 infants were divided into four groups depending on the exposure to fetal inflammation and respiratory distress syndrome. The incidence of moderate or severe BPD was greater in the HC þ RDS þ group than the other groups. BPD, bronchopulmonary dysplasia; ELBWI, extremely low birth weight infants; HC, histologic chorioamnionitis; m&s, moderate and severe; RDS, respiratory distress syndrome.
observation warrants further investigation in a larger cohort of women with pregnancy-induce hypertension.
Van Marter et al. 13 suggested that the duration of mechanical ventilation was a modulating risk factor for BPD. Factors related to mechanical ventilation, such as overstretch, were not considered during this study. However, the duration of conventional ventilation in the present study was similar among the HC þ RDS þ group and other groups. Moreover, this finding implies that recent advances in lung protective strategies, such as early continuous positive airway pressure application after surfactant treatment in infants with RDS, may decrease the need for conventional ventilation. The indirect mechanisms leading to BPD by this prenatal infection/inflammation appear to involve several mechanisms, including pathways driven by prolonged inflammation, disrupted angiogenesis, oxidative stress and impaired healing of the immature lung. [27] [28] [29] [30] Additional research is needed to explore these complex interactions and their underlying mechanisms and to evaluate the growth and development of extremely premature lungs. Although this study is limited by its retrospective nature, the strengths of the study are the recent study period of 2005 to 2009, the uniformity of the protocols for infant management in a population from level III neonatal intensive care units and the use of a standardized placental assessment.
We conclude that the significant predictors of developing BPD are low gestational age and exposure to both HC and RDS. The HC and RDS may work synergistically to induce lung injury, despite either HC or RDS could not show independent significant association with BPD.
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